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SUMHART

This report describes the installation of sti-cyli.nderblocks
from two in-line aircraft engines on CUE crankcases. The adapta-
tion permits the s~parate opuratfionof any cylinder as part of a
single-cylindertrst engine. The overhead cmnshaft is driven from
one of the half-speed acsr:sory hive shafts of the CUE crankcase
through a chain drive. All %3 inlet and the ::xhaustvllves of the
multicyl.inderblock arrjloft ir.or,oration- r;hecyunder blocks ;Jnd
the valve m~dlanh~b ar- U?’131terPdRIM.Infter use on the LXu%crank-
cas~ t“ncyc~aznbe r:turned t~ mul+icyl.ti.ders’xvice.

IiWR4)lXJCTKJN

The “tiffi(?ult!~of r~})rductiJ~ in fii~~~~k?-cy].in~er~onst-ruction
the coolant flow, the heat flow, and t]lsstress conditions that
exist .intln~multicy].inderblock of in-line, l’Lqui&coole4 cnU@es
mak~’sit of a~prcciqble advanta~e to test -y cylindsr from a multi-
cylir,derblock on a sjngle-c~linder crankcase without resorttiq to
a simulated sinfile-cylindercons+.ruction, The high rate of coolant
flow passim~ throuflhcylinder blocks nor.m.al~results in a small
temperature gradient from one end of t% cylinder block to the other
or between cylinders- This temperature qradient is somewhat less
than that of the sir,gle-cyl.lnderconstruction.

A further qdvzlt,ageOf USiIq: multicylinder-tmqtiig blocks for
sti@-cylinder tests ljes in the p~eat,eravailability of standard
engine parts.

A sin@e-qytider GJE crankcase has be~ set Up at the Aircreft
Engine Research Ialxmatory for high-output fuel tests wtiththe
Allison V-171O cylinder block. A Cm cr~case ~S been get up u~on
which a 7w11s Rqyce v-1650 cylindcjrblock is mounted. This report
has bean prepared as a result of requests for fi.formationcanc,?rnti.g
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details of these installations. Copies of the shop drawings used
for these installations can be obtained upon request from the NACA.

These projects were undertaken by the staff of the Fuels and
tibricants Division of the Aircraft Engine Research hboratory of
the NACA at Cle-/eland,Ohio, durhg 1943.

MODIFICATIONS TO THX CUE CRANKCASE

The Waukesha CUE crankcases used for the installation of the
Allison and the Rolls Royce cylinder blocks are of the standard
type described in reference 1. ~ both installations the cylinder
blocks are mountc4 with the cylinder-barrel skirts above the top
plate of the engine. The installations require somewhat longer
connecting rods than are standard for these respective aircraft
enpinesc The C!J!Iconnecting rods for the Allisonl~d the Rolls

z
Royce blocks have a center-to-center length of 13% and 13~ inches,
respectively.

The position of the cylinder blocks necessitates mschininfla
channel in the c,amsha.ftsupporting ~lates as shown in fi~~lre1.
Furthermore, it is necessary to reduce the diameter of the flywheel
to 15 inches to nvoid interference when the cylinder block extends
to the rear of the crankcase. Additional plates are installed on
the flywheel hub to partly offset the loss of inertia causedby
reducins the flynheel djameter.

ADAPTATIC)FOF ALIZ30N BIf)CKTO TWZ CiiqCRAVKCASE

The Allison cylinder block is installed on the CUE crankcase
complete witn camshaft, camshaft cover, and all valves. Modifica-
tions to the block are not required. The block is attached to the
enqi.neby mountin~ it on a long heavy plate shown on top of the
cr~mkcase in figure 2. This mounting plate is bolted to tinetop

. of the crankcase. The cylinder block is bolted to this plate with
an.Ychosen cylinder in the firing position. The spactig between
cylinder 3 and cyltilderb on the Alliscm block is greater than the
spacing between the oth~r cylinders, which prevents a simple con-
struction with six round holes h the mounting ;Il=te. Instead,
one round hole is ~rovided to accommodate the firing cylinder and
the other five c:~linderbarrels extend into the irregularly shaped
o~)eningsshown in fi~re 30 The spacing of t!leblock hold-down
studs also varies for different cylinders. The adjustment for
varyin: stud sl)acingaround the firing cylinder is accom~lished
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by having the studs screw -to four nuts that can be moved along
inverted T-sti.tstithe mounti.pgplate. No adjustment is provided”
for the studs at the other cylinders and oniy‘id%- cytider 6 Xi

.-.—— .

fired can all the block hold-duwn studs be used. When other cyl-
inders are ftied, a few pairs of studs along the block fit Into
the nonadjustable stud holes in the mounting plate and keep the
block in position.

A flat steel plate I/b inch thick is inserted between the
lower surface of the coolant jacket and the upper surface of the
mounting plate in order that the edges of the long holes in the
mounting plate, which are shown In figure 3, will not unevenly or
excessively wear the bottom of the aluminum coolant jacket of the
block. When clifferent cylinders are moved into firing position,
the l/&inch plate is moved along with the block. A standard
AllLson copper ga:lketis used bbtweon the coolant jacket and the
~b-tich plate to provide a soft bearing surface for the aluminum
coolant jacket. Tha long overhsrq of the plltelat the front and

at the rear of the engine is supported by two %+-inch angle-iron

braces that bolt to the lower front of the crankcase or bed ~Jkth3#

as shown in figure 2.

The Allison cylinder block requires a coolant flow of 1.20gal-
lons per minutd at an engine apecd of 3000 rpm. This flow is
eup])liedby a centrifu~nl pump driven by a >hnrsq)owar motors
The ratn of flow is measured by an orifice and a manometer.

The scperate intake and exhaust ports wltlnsimilar bolt spacing
of each cylinder of an Allison block makes it possible to use the
same.intake and exhaust pipe connections vhsn clmnging from onc
cylinder to another.

ADAPTATION OF ROILS lWiCE BIOCK TO CU?ZCRANKCASE

The installation of a Rolls Royce block of six cylinders is
patterned after the Allison setup with a few changes necessitated
by the difference in blocks. Becanse tho Rolls Royce block has
equal~y spaced cylinders, the platn corresponding to the one shown
in fi~re 3 has a round hole for each cylinder. The cylhder hold-
down studs, however, do not have equal epeci.ngand a slidinc nut
is used in the inverted T-slots for the studs around the firing
cylinder. One principal differcmc~ betmen the %11s Royce and
the Allison adaptations is the method of eealing the shaft tlhat
extends through the camshaft covsr. The l-tollsRoyce block has no
opening in tha end of the valvo compu+wnt, whjch makas it neces-
sary to cut a hole in the vqlve-~ear cover as shown in finre 4.

I -—1 ., —---., . . . . . . .
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The Rolls Royce block has separate exhaust ports and the
exhaust pipe can be bolted onto whatever cylinder is in firing
position. All cylinders, however, have a connnonintake port,
requiring separating baifles in the intake port bstween each two
adjscent cylinders, as shown in figure ~.

The camshaft is driven from one of the engine half-speed
accessory drive shat’ts, as shown in figure 2● In the design of
this drive, crinsieerationwag ~iven to the use of bevel gears and
to the use of sprockets and c?~qin. The chain drive was chosen
only because of the facility of construction. The cawhaft and
the engine accescory drive shaft are each coupled to the chain
drive through automobile drive shafts comprising two universal
couplh~s w3th a splined joint,as shown in fj.gure2. This assembly
allows for both radial and axial misalinement..

The upper drive shaft is connected to the camshaft through the
combination adapter and flywheel ehown in filqn-es2 and 6. This
fllgwheelwas found necessm’y for smoothing out the torsional tiWa-
tions of the camshaft. The circumference of this f-eel is grad-
uated for US9 in timing the vrl.ves.

The method of sealing t!w’cnmshafi drive at the cylinder blocks
agzh-k oil leakgfleis S!KYTI :Ln13zurm h and 6 for t;le!lol.lsIIoyce
and the A“Llimn, req.ectively.

The chair.nech,anismis enclosed in a box that is bolted t,othe
end of the plate on which the cylinder block is m~mt-ed. The chain
box has identical upper and lower sprockets mounted on shafts and
ball bearings. The chain 1s a double strand, ~/8-inciIpitch,
roller type. Slack is elhninat;;dfrom t% chati by an idler
sprocket located on the top side of the chain box approximately
halfway between the main sprockets. The chain box is supplied
with oil froa a sight-feed ari~Jvalve on top of the box. .%cens
oil is carried off through a drain so located in the bottom of the
box that the cha+m alr~ys dips into oil.

The camshaft timin~ i= adjusted through the splined coupling
and tho chajn aml t!w sjmoclv:t. The spldned coupljng has 16 splines
and .9P:Iof t?i:S:~Ockt.tc!ia~21 teeth. The timing is .adv.nnced67.5
mhen the splined shaft is advanced three .splines~whereas the timing
is retarded 6fl.6°when tho sprocket timinq is rdarded four teeth,
thus producing a net reiamlation in camshaft timing of 1.1O.
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DurinR ensztieoperation all the valves in the block function
normally m-d r;ceive-a
This fact causes -small

.,.-.. - “the cylinders that are
each of the long holes

normal amount of oil from the camahaft.
smounte-of oil-to run down-the imide -of-
not firing. A drip pan is placed under
in the plate to catch the leaking oil. .

OPERATION

The accuracy of”the valve timing is checked dur5ng operation
by observing ths timing scale on the camshaft f@heel with a
stroboscope. Variation h camshaft speed and twist in the drive
system, which might be caused by flexibility in the drive mechanism,
has heen found to be negligible.

Satisfactory operation of the Allison block OUE installation
has been obtained over a period of extenslvo testing, most of which
was done at 3000 r.pm. Tests have been conducted with indicated
mean effective ]Iressureaup to 422 pounds per square inch.

Aircraft Engine .%search Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.
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1. Po?e, A. ?;.,Jr.: The C.U.E. Cooperative
Aviation Single-Cylinder Research. SAE
Jean.19:L1,pp. 33-@

lJniversalEngine for
Jour., vol. 148,no. 1,
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Figure 1. - CUE cronkcose showing olterot!ot?s to top plate.
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Figure 2. - CUE cronkcose with Allison V-171O block.
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Figure 3. - Uounting plate for Alllson V-17J0 block.
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Fi#ure 5. - Intake boffles for Rolls Royce V-J650 block. w
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Figure 6. - Comshoft oil seol for All fson V-171O block.
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